Forsythia viridissima and Forsythia suspensa are listed in Korea Pharmacopoeia as the original plants of Forsythiae Fructus.
According to Lee et al., 9) there are differences in the amount and distribution of constituents between Forsythia Fruit on Korean market (Forsythia viridissima) and Forsythia Fruit on Chinese market (Forsythia suspensa). In other words, there was a lack of such constituents asphillygenin, pinoresinol, phillyrin and pinoresinol-b-D-glucoside in Korean Forsythia suspensa. There was a lack of such constituents as arctigenin, matairesinol arctin and matairesinoside in Chinese Forsythia suspensa. As studies about the physiological activity of Forsythiae Fructus, the anti-oxiant effects, [12] [13] [14] anti-inflammatory action, [15] [16] [17] anti-bacterial activity, 18) anti-hypertensive action, 19) and anti-cancer 20) of Forsythia suspensa have been examined on a cellular level.
On the other hand, methods for analyzing the mutation between the species and within the species have mainly been based on ribosomal RNA genes (rDNA) on a molecular level. A comparison of nucleotide sequences forming internal transcribed spacer (ITS) region of rDNA has been reported to be highly useful for examining the inter-species and phylogenetic relationships. 21) The ITS region, which includes two spacers, ITS 1 and ITS 2, separated by the highly conserved 5.8S ribosomal RNA gene, has been a valuable source of data for phylogenetic studies in a wide range of plant genera. 22) Real-time polymerase chain reaction (PCR) assays may offer an improved means of identification due to speed, sensitivity and specificity. [23] [24] [25] [26] [27] [28] [29] [30] [31] TaqMan probes have a fluorescent reporter dye at one end and a quencher dye that inhibits fluorescence at the other end. During the extension stage, the prove is broken apart by the DNA-polymerase and begins to fluorescence with more intensity. More recently, real-time PCR has been used for the fast, accurate and culture independent quantification of a variety of pathogens from plant tissues 32, 33) and soils. [34] [35] [36] [37] Both the fruits of Forsythia viridissima and Forsythia suspensa are used as a herbal medicine. Because there are differences in the amount and distribution of constituents between Forsythia viridissima and Forsythia suspensa, the discrimination between the two species is essential. So far, many studies have examined the morphological and histological differentiation, 38) the constituents and efficacy of Forsythia viridissima and Forsythia suspensa, but molecular genetic reports have been not enough. According to a review of literatures about nucleotide sequences of genes located in rpl 16-rpl 14 region of cpDNA, it has been proposed that Forsythia species can be differentiated. But no definite data has been provided (an unpublished paper). 39) A more accurate discrimination is therefore essential. Accordingly in the current study, a comparison was made between the molecular biological data (ITS region) of Forsythia viridissima and Forsythia suspensa. Using ITS sequence, attempts were made to effectively differentiate between Forsythia viridissima and Forsythia suspensa with the use of genetic marker and realtime PCR (allelic discrimination) methods. 
MATERIALS AND METHODS

Materials
The materials were collected from fresh leaves and purchased from a commercial supplier in Korea and China (Table 1 ). The samples were deposited in the herbarium of Korea Institute of Oriental Medicine.
Preparation of Genomic DNA The genomic DNA of each sample was extracted according to the manual for the DNeasy ® plant Mini kit (QIAGEN, U.S.A.). DNA concentration and purity were determined by spectrophotometry (Nanodrop ND-1000, Nanodrop, U.K.), and electrophoresis in a 1.5% agarose gel with DNA size marker (TaKaRa, Japan). The final concentration of each sample was diluted to approximately 20 ng/ml with DEPC (diethylpyrocarbonate)-DW for PCR amplification.
PCR Amplification, Cloning, DNA Sequencing Primers ITS 1 and ITS 4 described by White et al. (1990) , 40) in Table, were used to amplify the nuclear rDNA region of internal transcribed spacers (ITS) including the 5.8S gene. Total volume of 30 ml reaction mixture contained 1 mM of each primer, 2ϫmulti premix Taq (Solgent, Korea) and 20 ng/ml DNA template. Reactions were carried out with a PTC-200 (MJ Research, U.S.A.). The temperature cycling parameters were programmed for one cycle of 5 min at 95°C, followed by 30 cycles of 30 s at 95°C, 30 s at 55°C, 1 min at 72°C, and one cycle of 4 min at 72°C. PCR products with LoadingSTAR (DyneBio, Korea) were electrophoresed in 1.5% agarose gel, with a 100 bp DNA size marker (TaKaRa, Japan) in Tris-borate EDTA (TBE) buffer.
The amplified DNA fragments (ITS 1 and ITS 4) were separated by gel electrophoresis from the agarose gel using the Gel Extraction Kit (Promega, U.S.A.). These fragments were then subcloned into the pGEM T-easy vector (Promega, U.S.A.). The nucleotide sequences of the resulting inserted DNA fragments were determined by an automatic DNA sequencer (ABI, 3730 Applied Biosystems, U.S.A.).
Development of Genetic Markers
We performed sequences alignment analysis with NCBI (National Center for Biotechnology Information) database (accession number-AF534808, AF534810) and using automatic sequence program (BioEdit, U.S.A.). The species-specific two forward (FvF01 and FvF02) and one reverse (FvR02) primer presented in Table 2 for F. viridissima was designed within ITS regions by the comparison of nrDNA-ITS sequences. Total volume of 30 ml reaction mixture contained 10 pmol/ml of each primer (FvF02, FvR02) and 5 pmol/ml of primer (FvF01), 2ϫmulti premix Taq (Solgent, Korea) and 20 ng/ml DNA template. Reactions were carried out with a PTC-200 (MJ Research, U.S.A.). The temperature cycling parameters were programmed for one cycle of 15 min at 95°C, followed by 30 cycles of 20 s at 95°C, 40 s at 62°C, 30 s at 72°C, and one cycle of 3 min at 72°C. PCR products were electrophoresed in 3.0% agarose gel, with a 100 bp DNA size marker (TaKaRa, Japan) in TBE buffer, and then was stained with EtBr (Sigma, U.S.A.)
Real-Time PCR Analysis Selection of primers and probe-forward primer (5Ј-GCC TAA ATT TGA TTC GGC ATC GA-3Ј) and reverse primer (5Ј-CAG CCT TGC ACG ACA ACA C-3Ј), and probe VIC-AAG TTG AGG TCA TCA AC and FAM-AAG TTG AGG TCT TCA AC-was based on the Sequence Detection Software (Ver. 2.0). Reactions were set up in a final volume of 10 ml using 96-well optical reaction plate (ABI, U.S.A.). 2X Taqman ® Genotyping master mix 5 ml, 20X Taqman ® primer/probe reagent 0.25 ml and 5-20 ng/ml template DNA 1 ml. The cycling conditions were as follows: 1cycle at 60°C for 1 min, 1 cycle at 95°C for 10 min (activation), 40 cycles of 95°C for 15 s (denaturation), 60°C for 1 min (annealing and extension). The result was evaluated using 7500 software v.2.0.1 (ABI, U.S.A).
RESULTS AND DISCUSSION
Analysis of rDNA ITS Region
The overall length of internal transcribed spacer (ITS) of ribosomal DNA of Forsythiae Fructus was found to be 256 bp for ITS 1 exon, 161 bp for and ITS 5.8s exon and 256 bp for ITS 2 exon. These results indicate that the total length was found to be 673 bp (Fig. 1) . A comparison was also made for the total nucleotide sequences, and this showed that the nucleotide variations were seen in 27 genes of Forsythia viridissima and Forsythia suspensa. The proportion of nucleotide variations of ITS genes showed 63% for ITS 1 exon, 0% for 5.8s exon and 37% for ITS 2 exon. These results indicate that ITS 1 exon had a higher proportion of the nucleotide variations as compared with ITS 2 exon. In each species, a homology percentage was evaluated. According to this, there were four nucleotide variations in Forsythia viridissima (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (Table 2) . On the other hand, trnL-F region of chloroplast DNA (cpDNA) of Forsythiae Fructus was amplified. According to this, the nucleotide sequences of F. viridissima and F. suspensa showed a 100% homology. These results indicate that there was no significant difference in the nucleotide sequences between the species. Accordingly, following an analysis of the nucleotide sequences forming ITS region of rDNA of Forsythiae Fructus, it was confirmed that the discrimination between F. viridissima and F. suspensa was useful.
Development of the FV Gene genetic Markers Using the difference in nucleotide sequences forming ITS region between Forsythia viridissma and Forsythia suspensa (27 bp), a DNA marker by which two species could be accurately differentiated was designed. Using two forward primers such as 22 mer primer and 20 mer primer and a reverse primer such as 20 mer one, a genetic marker which was specific to F. viridissima (252 bp) was designed (Table 1) . Using BLAST search of each primer sequence which was prepared, a comparison was made for a homology which was registered with NCBI. This showed a 100% homology with F. viridissima (AF534810). Besides, to confirm the optimal concentration of PCR conditions of primer which was prepared, the experiment was performed for each concentration such as 10 pmol/ml primer and 5 pmol/ml primer. According to this, FvF01 obtained the optimal amplification results for 5 pmol/ml and FvF02 and FvR02 obtained the optimal amplification results for 10 pmol/ml. In the PCR conditions which were established, the PCR was performed using the biological samples. This confirmed the presence of species-specific amplification products of 252 bp in length in F. viridissima (fresh leaf) (Fig. 2) . Besides, this was identically applied to dried drugs. Then, the specificity to Fv primer of Forsythia suspensa at 252 bp (Fig. 3) . At 175 bp, an internal primer was prepared to be present in both Forsythia viridissima and F. suspensa. Thus, in Forsythia viridissima, the amplification was done at 175 bp and 252 bp. In F. suspensa, the amplification was done only at 175 bp. It was therefore demonstrated that two species could be efficiently differentiated using genetic marker. Table 1 ). M is DNA size marker. 41) The reasons are as follows: (1) Only fruits of Forsythiae Fructus are used as a drug. (2) These two species have a higher rate of fruition (%) as compared with other species.
(3) As shown in preliminary studies about drugs which have become commercially available on the market, only two species have been circulated as a herbal drug.
Besides, there are differences in the active constituents affecting the pharmacological effect between Forsythia viridissima and F. suspensa. The discrimination between these two species is therefore essential.
According to recent studies, the major constituents with a strong anti-bacterial activity of Forsythia suspensa have been reported to be phenolic glycoside such as forsythoside C, D. This has a strong anti-bacterial effect on such bacteria as Staphylococcus aureus. Of these, the constituents, such as suspensaside in particular, have an anti-allergic effect. But this constituent is contained in F. suspensa and it was missing in F. viridissima. 42) Based on the presence of constituents, a differentiation between the two species, F. viridissima and F. suspensa, was possible as previously described. Based on the results of an analysis of nucleotide sequences forming rDNA ITS region, an inter-species difference could also be confirmed. Accordingly, there are differences in the nucleotide sequences between Forsythia viridissima and F. suspensa, the differentiability of inter-species genetic difference was confirmed to be possible.
Real-Time PCR Analysis
To comparatively analyze between the methods which were confirmed using genetic marker and those which were confirmed using the real-time PCR, using the same samples which were priorly used, the real-time PCR assay was confirmed. Using the difference in nucleotide sequences forming F. viridissima and F. suspensa, with the use of FAM and VIC labelled dye, primer and probe were designed. Then, the allelic discrimination assay was used. As a result, the group A (No. 11-20 of Table 1 ) was clustered to be F. viridissima and the group B (No. 1-10 of Table 1 ) was clustered to be F. suspensa. These results confirmed that a discrimination of Forsythiae Fructus was possible. The group C which was served as controls was NTC (No Template Control) and it showed a cluster which was close to approximately 0 (Fig. 4) . Using each allele probe, a genotype cluster was examined. This confirmed the presence of allele homozygote which was classified as two groups (A and B). These methods can directly confirm the results of genetic amplification without additional processing on the monitor, which are therefore advantageous in shortening the time as compared with other previous methods. Besides, based on the curve pattern of fluorescent materials which are present in each species of Forsythiae Fructus, following a genotype analysis using the automatic analysis program, there was a match to genetic marker. The real-time PCR assay which was based on allelic discrimination format, as used in the current study, is used to detect and to screen bacteria. Studies about the biological mutations or bacterial identification are applied in various fields.
In summary, based on an analysis of nucleotide sequences forming ITS region, the different nucleotide sequences forming Forsythia viridissima and Forsythia suspensa were determined. Thus, a genetic marker for Forsythiae Fructus was developed. Besides, using the real-time PCR, the discrimination between Forsythia viridissima and Forsythia suspensa was confirmed. In particular, the real-time PCR methods can confirm the presence of Forsythiae Fructus more easily and promptly. Therefore, they will be effectively used to screen a great number of samples. In conclusion, genetic marker which was designed and the real-time PCR methods were confirmed to be useful in differentiating between Forsythia viridissima and Forsythia suspensa. 
